Aim of the study: Sunitinib-related side effects may develop as a result of the pharmacokinetic pathway affects the of the drug. Material and methods: Data on mRCC patients were obtained from the hospital archives. Outcomes of patients were evaluated in terms of related prognostic factors, sunitinib adverse events during the treatment, and two different sunitinib dosing schedules. Results: Seventy patients diagnosed with mRCC and treated with sunitinib were analyzed for prognostic factors and survival rates. During the mean follow-up of 33.5 months, 38 (54%) patients were alive and 32 (46%) patients died. The median time of overall survival (OS) and progression-free survival (PFS) was 27 months (12-61) and 19 months (5-45), respectively. In univariate analysis, good prognostic risk group according to the Memorial Sloan-Kettering Cancer Center (MSK-CC), hypothyroidism as sunitinib toxicity and patients on sunitinib treatment more than 1 year were favorable prognostic factors for OS. Leukopenia and fatigue as sunitinib toxicity were poor prognostic factors for OS. PFS and OS of the patients were not significantly different when we compared intermittent (4/2) vs. continuous treatment dosing schedules. Conclusions: As a result of this trial, having hypothyroidism as an adverse effect of sunitinib was a favorable prognostic factor for OS and PFS in mRCC patients. It was also found that 4/2 and continuous dosing schedules of sunitinib did not give rise to different outcomes in mRCC patients.
Renal cell carcinoma (RCC) constitutes only 3% of adult malignancies but is the sixth leading cause of cancer-related death due to difficulties of effective therapy for locally advanced and metastatic disease. The multitargeted tyrosine kinase inhibitor (TKI) sunitinib has emerged as one of the standards of care for favorable and intermediate-risk metastatic renal cell carcinoma (mRCC). Sunitinib selectively inhibits tyrosine kinase activity of the vascular endothelial growth factor (VEGF) receptor, the platelet-derived growth factor receptor (PDGFR), the stem cell factor receptor (the cytokine receptor c-Kit), the FMS-like tyrosine-kinase 3 receptor (FLT)-3, and glial cell line-derived neurotrophic factor receptor (rearranged during transfection; RET). This inhibits tumoral delivery of blood and nutrients required for growth, which ultimately leads to cancer cell death. Sunitinib also has a direct inhibitory effect on tumor cells [1] .
The rate of sunitinib-related adverse events was 19-50% and the percentage of patients' required dose reduction was 8-30% in the pivotal firstline trial and another sunitinib open access program, respectively [2, 3] . As it is known, drug dose and treatment duration are directly correlated with response to treatment and survival [4] . According to baseline patient characteristics, the most widely used prognostic factor model is from the Memorial Sloan Kettering Cancer Center (MSKCC) [5] . To date only retrospective analyses about the association between occurrence of a defined adverse event and clinical outcome are available. Oncologists have had to adapt to manage novel side effects of targeted therapies, such as rash, hypertension, hypothyroidism, diarrhea and hematologic toxicity. Some toxicities are related to the "on-target" effects of the drug and its inhibition of the pathway. Such toxicities are termed mechanism-based toxicities (MBTs) [6] . Dose modifications should thus be based not only on toxicities but also on pharmacokinetic (PK) and pharmacodynamic (PD) variables [7] .
Presence of MBT can be used as a predictive marker in diseases for which pathway inactivation is sufficient to determine clinical activity. Multiple early-phase clinical studies have shown that the development of on-target effects in normal tissue can be correlated with pathway inhibition in tumors. It is also critical to state that MBTs can only be used as predictors of outcome after initiating treatment. Thereby, they can be taken as surrogates for the further clinical benefit of patients who continue therapy [6] .
In the literature, hypertension and hypothyroidism are the most studied sunitinib adverse effect as predictive factors for patient outcome [8] [9] [10] [11] [12] [13] [14] [15] [16] . Although further studies are required, the abnormalities in thyroid function or blood pressure following treatment with sunitinib may be potential biomarkers for tumor response to multitargeted agents.
Sunitinib has been studied in cancer patients using various schedules. The recommended dose of sunitinib was 50 mg in a 4/2 intermittent schedule using 4-week treatment followed by a 2-week rest period in a phase 1 trial [17] . Intermittent dosing schedules were sequentially conducted in two open-label, single-arm, phase 2 trials, in patients with mRCC and disease progression while receiving first-line cytokine therapy [18, 19] . Furthermore, in one of the phase 2 trials, the concentration of sunitinib and its active metabolite declined to pre-dose levels during the 14-day rest period, leading to potential lack of drug exposure during which tumors could potentially progress [20] . So, several considerations have led to the investigation of continuous dosing schedules.
The purpose of this study was to evaluate sunitinib's adverse effects on patient outcome and compare 4/2 vs. continuous dosing schedules of sunitinib in mRCC.
Material and methods
Patients with mRCC who were treated with sunitinib were included in the study between June 2007 and January 2012. The patients were classified according to the MSKCC risk score [18] .
Two different schedules of sunitinib were used for management of mRCC. The four weeks with two weeks off schedule (4/2) included 4 weeks of 50 mg/day, followed by a 2-week break. In the continuous dosing schedule, patients were allowed to start with a daily dose of 37.5 mg of sunitinib. Patient follow-up was performed at least on a monthly basis during the treatment exposure. Hematological and non-hematological toxic effects were graded according to NCI-CTC version 3.0 [21] . All 70 patients were evaluated anatomically and every three months.
Histologically or cytologically proven RCC, sunitinib-treated patients were included in the trial. Patients whose mRCC was managed with TKIs other than sunitinib and who had less than 12 months of follow-up were excluded from the trial. Between June 2007 and January 2012, a total of 70 metastatic mRCC patients were available from hospital center archives.
Statistical analysis
SPSS version 17 for Windows was used for the statistical analysis. The c 2 test was used to investigate the association between categorical outcomes. Survival differences were calculated using the Kaplan-Meier method. Overall survival (OS) and progression-free survival (PFS) were calculated from the beginning of sunitinib use. Univariate Cox regression models were used to evaluate the effect of each specific parameter. Multivariate Cox regression models were performed to identify the independent risk factors for survival. P ≤ 0.05 was considered to be statistically significant.
Results
At a mean of 33.5 months follow-up, 38 patients (54%) were alive and 32 patients (46%) died. Median age was 64 (range 26-78). Median OS was 27.0 months (range 12-61) and median progression-free survival (PFS) was 19 months (range 5-45). Five (7%) patients had non-clear cell histopathology. Sixteen patients (23%) were in poor prognostic risk factor groups according to MSKCC. Median duration of sunitinib treatment was 12.1 months (range 5-36). The numbers of patients with metastasectomy and nephrectomy were 18 and 46 respectively. Percentages of metastatic lesion locations were lung (32), bone (22) , lymph node (10), brain (10), liver (10), surrenal (8) , and pancreas (4) respectively. Median number of metastatic organs was 2. Median OS and PFS of patients with metastasectomy were non-significantly longer than the patients without metastasectomy (47 vs. 26 months, p = 0.630 for OS and 24 vs. 19 months, p = 0.334 for PFS). In univariate analyses, being a good prognostic risk group according to MSKCC, hypothyroidism as sunitinib toxicity and patients on sunitinib treatment for more than 1 year were favorable prognostic factors for OS (Figs. 1-3) . In multivariate analysis, good risk group was the independent favorable risk factor for OS according to MSKCC (p = 0.033, OR: 2.458, 95% CI: 1.078-5.606). On the other hand, patients with leukopenia and fatigue as side effects of sunitinib had significantly shorter OS than patients without those side effects (Table 1) .
Eventually, 58 patients (83%) needed a dose reduction because of treatment-related adverse events. Mucositis, fatigue, and a combination of grade 2-3 adverse events were the most frequent reasons for dose reduction. The numbers of patients treated with the 4/2 vs. continuous dosing schedule were 36 and 34 respectively. Patients' characteristics are summarized in Table 2 . There was no statistically significant difference in median OS and PFS of the patients in terms of treatment schedule (4/2 vs. continuous dosing schedule; Fig. 4) . Except for leukopenia, no statistically significant discrepancy was found comparing the two treatment schedules, in terms of any kind of toxicity rates with sunitinib (Table 3) .
Discussion
In this study, treatment-related adverse events were mostly grade 1 or 2, and only a few grade 3 toxicities were observed. The incidence rates of the most common adverse events requiring dose reduction, such as mucositis and fatigue, were considered higher rates than reported in previous trials by Motzer et al. and Demetri et al. [2, 22] . In this patient population, we observed a lower incidence of thrombocytopenia, leukopenia and anemia than that reported in the largest trial on sunitinib so far [2] . In our trial patients with hematologic toxicity as a side effect of sunitinib did not have significantly longer OS and PFS. It was found that leukopenia could predict survival as an adverse effect of sunitinib [20] . But patients who had higher baseline leukocyte levels could have greater leukocyte reduction with sunitinib treatment [20] . The results in the literature are conflicting, and still there is no decisive information whether baseline leukopenia is a prognostic factor [23, 24] . Hence, we need further randomized trials to clarify whether leukopenia is a predictive factor for survival, as a side effect of sunitinib. In a retrospective trial from Turkey, Dirican et al. found a higher incidence rate of anemia and thrombocytopenia compared to our study and a similar rate of leukopenia as hematologic toxicity of sunitinib. They also noted that a lower neutrophil lymphocyte rate (< 3) is associated with better prognosis [25] . In our study fatigue was one of the poor prognostic factors for OS. Houk Brett et al. identified tentative relationships between sunitinib exposure and fatigue, diastolic hypertension, and neutropenia. However, analysis of the adverse events was limited by the paucity of placebo data and the narrow range of doses, making it difficult to attribute these adverse events to sunitinib alone versus the disease process itself [20] . Although hypertension is probably the most studied of the toxicities, we did not find that hypertension correlates with a better outcome as a sunitinib toxicity. Most of the published data show that grade 3-4 hypertension toxicity with sunitinib predicts good outcomes. In contrast, there was no grade 3-4 hypertensive toxicity in our study. The percentage incidence of drug-induced hypertension is 25% with sunitinib (grade 1-2: 15%, grade 3-4: 10%). Sunitinib-induced hypertension consistently correlated with PFS, and OS benefits in subset analyses of multiple trials [8] [9] [10] . In a series of 40 patients with RCC, Rixe et al. found that toxicities limited to grade 3 hypertension were associated with response and outcome in patients treated with sunitinib [9] . Rini et al. found in a retrospective pooled analysis from four studies of patients with RCC that sunitinib-associated hypertension was associated with improved clinical outcomes [10] .
Additionally, the patients with dermatologic toxicity as a side effect of sunitinib had significantly longer PFS and non-significantly longer OS. As far as it is known from the previous analysis with some anti-VEGF and TKI inhibitors, dermatologic side effects are accepted as a predictive factor [26, 27] .
Several retrospective studies have demonstrated a relationship between the presence of hypothyroidism and improved antitumor efficacy in patients who had advanced renal cell carcinoma during treatment with sunitinib [11] [12] [13] [14] [15] [16] . As a consequence of thyroid function being measured steadily, 10 patients experienced hypothyroidism as a side effect of sunitinib. We observed that the patients with hypothyroidism as a side effect of sunitinib had significantly longer median OS and PFS, so that all of them were alive at the end of the follow-up. There are several published trials supporting that hypothyroidism as a side effect of sunitinib is related to improved clinical outcome [11] [12] [13] [14] [15] [16] .
The median OS of the patients in the favorable and intermediate prognostic risk groups was statistically longer than that of the poor prognostic risk group, according to MSKCC, as expected.
In a retrospective study with advanced different solid tumors (gastrointestinal stromal tumors, or RCC) in patients who were receiving sunitinib, a direct relation between the steady-state concentration of total active drug in the plasma and time to disease progression (TTP) and OS was identified [20] . We also found that the patients with longer duration of sunitinib treatment had significantly longer OS. Thus, these data underline the importance of maintaining sunitinib drug levels, but do not define which dose/schedule achieves this more optimally in a given patient with RCC. The 4/2 schedule of sunitinib at a starting dose of 50 mg daily is the approved regimen. A continuous dosing schedule of sunitinib has been previously investigated in two phase 2 trials [28, 29] . Although prone to the significant limitations of cross-trial comparisons, these studies suggested similar efficacy outcomes between the continuous and intermittent dosing schedules and comparable toxicity.
To the best of our knowledge, the recently reported trial offers the most definitive comparison of these regimens. That trial reported results of comparing the 4/2 schedule and 37.5 mg of sunitinib given on a continuous daily-dosing schedule and showed that the overall toxicity was similar but the quality of life was greater for the 4/2 schedule, and the time to progression was superior for this schedule in multivariable analysis [30] . The median OS and PFS of patients were not statistically significantly different in terms of treatment schemas comparing the continuous vs. 4/2 schedule in our trial. Continuous dosing regimens of sunitinib at 37.5 mg have not demonstrated an improved toxicological profile. Furthermore, patients receiving continuous dosing who require a dose reduction because of adverse events may be at risk of not achieving the target plasma concentrations. Therefore, the standard of care for initial sunitinib administration remains 50 mg daily on a 4/2 schedule. For now, patient tolerance and clinical response must be used to guide adequate sunitinib dosing while minimizing toxicity [31] .
Our results suggest that hypothyroidism is probably the most reliable side effect to predict the outcome of mRCC and it is associated with a significant improvement of OS and PFS of sunitinib-related toxicities. We consider that if the mRCC patients have longer duration of sunitinib therapy, they have greater survival improvement.
Finally, we did not find any difference in survival between the two different sunitinib schemes.
Despite the retrospective design, our results are compatible with the literature and need to be validated with randomized trials.
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